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Treatment of poisoning induced cardiac impairment using
cardiopulmonary bypass: a review
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Severe poisoning can cause potentially fatal cardiac
depression. Cardiopulmonary bypass (CPB) can support
the depressed myocardium, but there are no clear
indications or guidelines available on its use in severe
poisoning. A review was conducted of relevant papers in
the available literature (seven single case reports of both
deliberate and accidental ingestion of cardiotoxic drugs
and two animal studies). Although CPB is rarely used in the
management of poisoning, it may have potential benefits
for haemodynamic instability not responding to
conventional measures. At present there is insufficient
evidence concerning the use of CPB as a treatment for
severe cardiac impairment due to poisoning (grade C).
This review suggests that in patients with severe and
potentially prolonged reversible cardiotoxicity there is
potential for full survival with CPB, provided that the patient
has not already sustained hypoxic cerebral damage due to
resistant hypotension prior to its use.
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cute poisoning is a common presentation
Ato emergency departments, and it accounts

for 310 attendances per 100 000 popula-
tion per year in the UK.'" An increase in
availability of all types of medication, including
a number of potentially lethal drugs, resulted in
a peak in the 1970s.” In 2003, there were 1997
deaths from acute poisoning in England and
Wales.”

Specific antidotes and conventional suppor-
tive measures are not always sufficient to deal
with life threatening overdoses. Accidental over-
doses in childhood are usually apparent imme-
diately and present early, whereas adult
overdose tends to be deliberate and present
later,” with one or more pharmaceutical agents
involved. In severe cases the presentation is of an
acutely unstable patient with multiorgan dys-
function. Measures to counteract poisoning
include reducing the absorption or enhancing
the elimination of the toxin; administering
specific antidotes; and supportive resuscitative
measures. For many antidepressant, antihyper-
tensive, antimalarial, and antiarrhythmic drugs
there are a limited number of effective antidotes
or means of extracorporeal elimination (for
example, haemodialysis) because these drugs
have a large volume of distribution.*> The first
signs of toxicity are often cardiovascular, man-
ifesting as arrhythmias and hypotension within

30-120 minutes of ingestion,” but severe cardio-
toxicity and systemic vasodilation (for example,
due to calcium channel blockers) may be
resistant to standard measures including vaso-
pressors, inotrope infusions, repeated defibrilla-
tion, and pacing.* "

Once a drug enters the central circulation and
the tissues, it may become essential to maintain
circulatory function with supportive therapy.
This would permit hepatic detoxification over
time® while providing reliable tissue perfusion
and allowing sufficient antidote circulation.”
Modalities that may be used include continuous
cardiopulmonary resuscitation (CPR; manual or
with a mechanical device), balloon counter-
pulsation, and cardiopulmonary bypass (CPB).*
Emergency extracorporeal membrane oxygena-
tion (ECMO) may also be used to provide
adequate cardiac output and restore vital organ
perfusion to allow clearance of the toxic meta-
bolite in question. ECMO is a form of partial CPB
used for support of a longer duration of
respiratory and/or cardiac dysfunction. It is
primarily indicated in patients with such severe
ventilation and/or oxygenation problems that
they are wunlikely to survive conventional
mechanical ventilation, and therefore it is differs
from CPB."” However, CPB provides better
cardiac support, stability, and flow rates,
although cannulation techniques more often
tend to be central rather than peripheral.

There are no clear guidelines available on the
use of CPB as a treatment for severe overdose.
Moreover, CPB is expensive with numerous
technical difficulties. We therefore examined
the literature with regard to its to counteract
temporary severe cardiac dysfunction use once
conventional measures have failed. Our review
focused on the following: the overdose drug in
question, mechanism of toxicity, patient char-
acteristics, variables related to CPB, clinical
outcome, and associated morbidity.

LITERATURE SEARCH

We searched for relevant articles published
between 1976 and 2004. We performed a
MEDLINE/PubMed search combining the head-
ing “cardiopulmonary bypass” with the following
keywords: ““overdose”, “poisoning”, ‘“‘intoxica-
tion”, ““cardiotoxicity”, and “accidental ingestion”.
The MeSH headings were ““overdose”, “poisoning”’,
and “cardiopulmonary bypass”. Ovid, EMBASE,
and the Cochrane database were also searched

Abbreviations: CPB, cardiopulmonary bypass; CPR,
cardiopulmonary resuscitation; ECMO, extracorporeal
membrane oxygenation
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with these headings. In addition, the PubMed feature “related
articles” was used to identify further relevant publications.

DATA EXTRACTION AND VALIDATION OF THE
STUDIES

The data of interest were:

=
K] ~
= %]
] ©
T g =
=
£ 3 3
2 = = 5
5 2 § 5
S .3 8 &=
® type and dose of drug overdose & 5§ e g 3 2
. . A £ % € £ T 5
® cardiopulmonary bypass variables (time interval between £ o5 £ £ £ =2
S R . 2% 5 = = = 3
incident and initiation of CPB, total bypass time) S|l£ 5 £ £ y E
c Jees (] S () [}
® comorbidities present, other types of treatment undergone ‘E g £ o g = a>’ .é
. . . 7. . o o o ] -
by the patient, and associated morbidity and mortality. (8 2 8 8§ § & 2
58 2 8 B8 5 5 =
Articles reporting on the same patients were excluded. For £18 £ 8 3 g ® 5
each study we noted the first author, year of publication, and £ E, - E, E, g & 3
study type. The validity of the studies was also taken into gle 8 o586 © B 35
. . . w |8 o Ba® L a4 >
consideration by assessing the source and strength of the
evidence using the US Preventative Services Task Force > "%
12. el & ¢ c =
method'*: 2 s & § §
2l £ 2R g 2o
1 — i i - 6 3 © © 6 1 o
Grade A—there is good evidence to support the recom 2T 2 2 2 2 =

mendation
® Grade B—the strength of evidence is ““fair”

® Grade C—there is insufficient evidence to conclude for or
against.

SEARCH RESULTS

The search produced a total of 16 articles, and these were

5
o
E
[o2}
£
e)
~N
)
Q
o
c —
. = <]
reviewed for relevance. One case report was excluded as 3 gls &
: £ 3
ECMO was used instead of CPB" and another was excluded 'q;) T o §
. . . . . . . . . . > =
as intoxication with digoxin was described in a case involving Sl I P -]
the use of CPB." Therefore a total of 15 articles were SUmE g5
. . . (%] = -—
reviewed.*’ ? '* ' 'We were unable to identify controlled o E g_g S
. . . . n -— =5 O o
trials of any type in the literature on the subject of treatment % ° |+ % E g
of overdose using CPB. Of the 15 relevant articles identified, 7 <|e|° 25 _;8)
were case reports,”” * '**' 2 were animal studies," ** 2 were = ﬁ g ‘g_g s
letters'” ** and 4 were reviews of current management of 2 §, R 2
. . o c . ~
overdoses,'” "' which were not felt to be pertinent to a S| 233 =
formal review of current literature. The seven case reports 2 -g" 228 = = = = = g
were about both deliberate and accidental ingestion of 2 =B = =z =z % = _g
cardiotoxic drugs, including flecainide, verapamil, diltiazem, 9|T £
digoxin, and prajmalium bitartrate, and one iatrogenic o _g 2
intravenous injection of bupivacaine. 21 e 2
g 2|s R & « N |3
=
OVERDOSE AND USE OF CPB IN EXPERIMENTAL £ = 2
ANIMAL STUDIES 5| g
Larkin et al'” in 1992 performed a prospective randomised » | D > ® ® , © =
controlled trial in pigs and showed successful application of % 2 2 2 2 = 2 g
CPB to support the circulatory collapse secondary to an -] 9o
infusion of amitsiptyline. Refractory cardiotoxicity and 5 Sls L s o 5 o w 8:
hypotension in the control group led to accumulation of the kS - %
tricyclic antidepressant in the intravascular space. In the CPB & 15 % g =
. . )
supported group perfusion to the brain and heart was [ é 8 ! e o =
. . . - -
maintained as well as hepatorenal blood flow to permit _g' é X Q 2 5 ¥ g p S
ongoing drug clearance. Freedman ef al in 1982 achieved = o B
similar successful supportive CPB resuscitation follow- 3 I ‘§
ing lidocaine administration in dogs. The results were -E_ o o 5 <
encouraging. o _ ® & £ e R
. . . = [} [y = = [
The main drawback of these studies is that CPB was o E 2 ¢ 2 E =2 8 =
started very early compared with in humans, so that the QE, ] g §) T & g_ = <
timeframe chosen is not clinically applicable. In practice it T|5 |3 T A = 2 & a &
takes longer to determine if a patient is truly refractory, and it _E, 2
would definitely take longer to arrange CPB. E 5 B = EE
T B ©
- . 8 ° 7T 3 o5
— 5 o - o )
OVERDOSE AND USE OF CPB IN HUMANS (CASE o | B lse Bx - mﬁ.._gL G By | 2
= | £ _Nm{m;éoo'ér\ o_%omo R
REPORTS) AR NEIRE P LRI 1040 e

The seven case reports were of three males and four females;
one patient was a boy aged 2 years and the remainder were

www.emjonline.com



Purkayastha, Bhangoo, Athanasiou, et al

248

"3sP32. PaUIRSNS ‘YS ‘PIPIPdAYIR} ojndLjuaAR.dns [pwsAxoind ‘) AGq {[02A|B susjAyje snosupjnoied
‘D34 ‘esoptaro ‘qo ‘dwnd Uoo||pq dHIoR-RAUI ‘dgV| ‘uonpuabAxo aupiquaWw _cm‘_omLOuo‘zxw ‘OWD3 ‘UoHPI}HOWADY SNOUBA SNONUHUOD ‘HAD ‘Jiun 10d Aiouoiod ‘DD .\wEo%_._xm ssalfsip Aiojoaidsal 900 ‘SAYY ‘auljpualpo ‘Yay

sadoujour ‘Buidnd P14 l6861)

A12A0031 __Du_ :®>_m 10N U_mw_imwom%—u mww_ :w_ _U__<< _U_.—EMDUMm AV ;._O_m\_®>O_T\_UU od muw_OC 1ON CL'T (o4 TCD _U;_OEmn_ ao F_O\c G/l mr__UUUZQDm \U rEl mCO._
dgy] ‘epixo dLyu

pajpyut ‘sadoour ‘aBoAD| dLiysPB uoyp|NUUPD

Jajo| mxcw Ge n_&__“_ [PO2IDYD Yiim :o:n_‘_omaoo.:mc; plIoD ajo1pIb}Iq m_Sooﬁ

_me\_Ur_Um__U \U_XU.—C _U__E :®>_m 10N SUON| .CO_—U\:__UFU\_.—_D \m_mwk_D_T _UOU;_OH_ 260 G99l c®>_m 10N mr___UC®Um< ao F_O\c 0g’1 ED__UE_UL& \U 48 2Isbd
‘suolsnyul

ao \_wxu T®Q&O+m 44D Lw_u:u w_UCOUD_mw F_D_U_UU ~wc___0C®»__*UU d4dD mc_tU_m __0>_\_;_C \_m:_o V6 %Qm& :

sejnuiw Og sinoy gz palq suoN Y 7 uoisusjodAy aieneg ‘suouriwp ‘euiwndop panuiyuo) Joyo g G/'€ usAiB joN|  uaaIb joN| dO ‘eyp Gzl  ¥S |lwodoiep o o usipusy

Jayp| sAbp | peIp ‘ein|ipy uoyp|NUULd uoyp|nuUd [PALLID Jayo 7 (z661)

[pus pup abpwop uIpig BUoN 4o ajis 4o abpyriowenh paijioads joN §sa1io oN| ol 4 [P10WD4 do 4P G apluIpd3|4 [P 42 InSDA
uoyp||qyep pepoedal [podIbyd

“ypoys oudes pup sayy PBIPAOD PUD ‘SUOISNjul BUIOUBIPD Z°0©f UOUD|NUUDD  UOISSIWPD WOl /£°() [8661)

Yim @O Jeyp sAop z | peig BuoN paiois JoN pup auiwodop Bw 0gx (| qo4-Huy 7l ¥ peonpai Jejp| ¢ (XN dqo woy /|°G uxoBiq o 4o JebBulyieg

ao #yp GZ L L juswuiodw [oua1 ‘| AQ

akisay| uind o} spuodsau [psowsy ‘Asjpd easeu UOUD|NUUDD  UOISSIWPD Wol O°'G J6661)

BAYOD Of A19A0DRI [N PapDls ‘gD Jeyp 9 [powsy AypdojnBood HAD pajou JoN o€ © [P10Wwo4 qo woy G|'G SpIUIPB|] [P jo UOIBNIOD)

8|Aiseyl|  uoyopal |oo1Bojonsu B g [podIoyd ‘suoisnyul sulwpiNGOp pejoyiul € USY} UOWD|NUUDD  UOISSIWPD WOl G°E H(6661)

BAIOD 0} AISA0DR 114 184§ 4O 4ayp 88T SUON| ‘aulpualpo \w:___\faomé ‘auwpdog  gdd Jayp 8'¢ [oe] uiw 08 10§ G'¢ [oXCIVER ao woy 01’8 __EUQOL0> [P 4o 4aZ|oH

awoxnQ (y) Asonodas suoypdijdwo) @dD Buunp sainsoaw aAyioddng (y) uoyoanp  (y) 4dd (utw /[) mop4 s|ivjeq (unwi/y) bnig Joyiny

15114 Jo awi| §S3.ID DDIPIDY) UO Bwi| ddD o4 awi

ssodAq Aipuow|ndoipio)

MaIABI SIyy Ul papnjoul spodaa 8spd ayy Ul sjusypd Jo swodyno pup ‘s|ipjep sspdAq Aipuow|ndolpipd ‘uswiosl] g 9|qpL

www.emijonline.com



Treatment of poisoning induced cardiac impairment using CPB

20 to 79 years (table 1). All the patients had ingested
antiarrhythmic drugs either deliberately or accidentally and
had early signs of cardiovascular instability on presentation.
Somewhat surprisingly only two patients* © had ingested a
cocktail of medication, which included a non-steroidal anti-
inflammatory drug and p-blockers® and an unknown
quantity of alcohol and paracetamol.” Prolonged cardiovas-
cular instability (including arrhythmias varying from heart
block to fast atrial fibrillation) combined with lack of
response to conventional resuscitative measures prompted
use of CPB. Four patients had experienced cardiac arrest prior
to CPB and the remainder had arrhythmias (both first and
second degree heart block).

Therapeutic measures included activated charcoal and
gastric lavage (table 2), as well as liberal use of inotropic
agents. More invasive measures included haemofiltration and
ultrafiltration. Bolus drug doses and infusions (dopamine,
adrenaline, calcium gluconate) failed to restore adequate
circulation until CPB was initiated.”> A specific antidote
(digoxin specific Fab antibody) was administered during CPB
in the patient with digoxin overdose. Time from overdose to
CPB ranged from 1 hour and 30 minutes to 12 hours and
45 minutes (child with accidental overdose).

Four patients had percutancous femoral cannulation and
one had the ascending aorta cannulated. One patients was
started on femoral but then had atrial cannulation to increase
the flow of CPB. Duration of CPB ranged from 2.75 hours to
30 hours with an mean of 10.4 hours. Four patients required
CPR, the longest time was in a survivor who required
3.8 hours of CPR. The overall average for the four patients
was two hours.

Direct complications of CPB included coagulopathy (one
patient); femoral nerve palsy (two patients); femoral deep
vein thrombosis (DVT) in the patient who received 30 hours
of CPB; haemorrhage at the cannulation site (one patient);
and severe hypotension four hours after CPB cessation (one
patient). In three patients no subsequent complications were
reported.

With regard to outcome three patients died. These included
those with overdoses of digoxin, flecainide, and verapamil. In
two of these patients the duration of CPB was short (four
hours and three hours and 45 minutes), although the 20 year
old patient with flecainide overdose had an agonal rhythm
and prolonged hypotension before 10 hours of CPB. The 2
year old child, who had the longest delay to CPB, died after
3 hours and 45 minutes of CPB; a comment was made in the
case report that the device used did not permit prolonged
support. The mean time of CPB of those who died was
5.9 hours with an mean time to presentation of 2.7 hours
(30 minutes, 3 hours, and 3 hours 48 minutes).

Four patients made recovery to active lifestyle including
one who experienced mild ataxia, presumably secondary to
cerebral ischaemia. The mean time to presentation of these
patients was 1.7 hours (range 15 minutes to 3 hours 5 min-
utes) and included the two longest durations of CPB
(16.75 hours and 30 hours). In comparison to those who
died, these patients had a much longer mean time of CPB at
17.4 hours.

DISCUSSION

This review provides insufficient evidence for or against the
use of CPB as an effective treatment for severe cardiac
impairment due to poisoning (grade C). We only managed to
find cases reports of patients who subsequently underwent
CPB. The lack of comparative studies is clearly due to firstly,
the gravity and rarity of the clinical situation, and secondly,
the nature of case report studies—that is, to present
favourable outcomes from invasive procedures. Thus one
would assume there have been cases of unsuccessful
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attempts which remain unreported. There may also be
patients undergoing successful resuscitation with conserva-
tive measures only, therefore any conclusion from a literature
review such as this is likely to be subject to publication bias.

Although in general such cases may be more common, case
reports of severe cardiotoxic drug ingestion are uncommon,
and in those reported there is a marked variation between the
treatment regimens employed. CPB has successfully been
used after cardiac insults, including cardiothoracic surgery
and prolonged cardiac arrest, and for severe hypothermia
unresponsive to more conventional measures.® ** >> However,
uncertainty remains with regard to the management and
indications for using CPB in severe drug overdose.

To date there are no systematic evaluations of prognostic
indicators and treatment modalities for severe cardiotoxicity
due to poisoning. All the patients in the case reports we
reviewed received active comprehensive treatments and
interventions on arrival to the hospital, with comprehensive
investigations and monitoring. Of particular note were
cardiac activity, episodes of prolonged hypotension prior to
CPB, acidosis, and end-organ damage.

Many of the initial supportive measures, including
inotropic agents and pacing, were noted to be ineffectual
until CPB had been initiated.” * ** As has been suggested, the
efficacy of standard measures may improve as ingested drug
serum levels decline. This decline may not simply be a
reflection of the volume dilution when on bypass.
Pharmacokinetic studies* suggest that rapid redistribution,
and hence the noted fall in drug serum levels during
supportive CPB, is assumed to be a reflection of drug
metabolism and hepatic detoxification.”” Despite poor bio-
chemical markers, including abnormal liver function tests
and the presence of coagulopathy, supportive treatment can
still lead to full recovery.

The question arising is how long CPB should be continued
in such patients and whether central or percutaneous bypass
is preferable. The half-life of the drug ingested has correlated
in some cases with the duration of CPB and the expected
drop in levels to within the therapeutic range.” '” * However,
it is necessary to take into consideration the continued
absorption of drug from the gut, which may be delayed by the
presence of ileus. Improvement in antidote circulation is an
additional benefit of CPB; Fab fragments have been reported
to have a clinical effect by one hour after the end of the
infusion, and with CPB previously refractory ventricular
fibrillation was terminated within 30 minutes of the
infusion.” We found only one case of open CPB (which was
successful); in the remainder the percutaneous femoral
approach was used. The latter does not require the chest to
be opened and can be performed in the presence of ongoing
external chest compression. Five patients treated by this
route had a mean delay from cardiac arrest to CPB of just less
than 80 minutes; three of these patients had distal circulatory
compromise, of which one required a fasciotomy."”

Severe intoxication with antiarrhythmic drugs manifests
early with cardiovascular instability and is subsequently
often rapidly fatal.?® Due to the rapid decline, and the nature
of the ingestion not always being apparent, the number of
patients who would potentially benefit from more invasive
interventions is likely to be higher than is seen. Indeed the
lack of equipment and expertise to carry out CPB may well be
a limiting factor.

CONCLUSIONS

There is currently insufficient evidence to recommend CPB
routinely in acute severe drug ingestion showing signs of
cardiovascular insufficiency despite administration of con-
ventional rescue measures. It is a potentially useful treatment
modality because it provides adequate tissue perfusion—both
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supporting the vital organs and permitting ongoing drug
metabolism and antidote circulation. For CPB to be applic-
able in an emergency setting the femoral percutaneous route
is relatively easier to initiate but a pre-primed, portable
system needs to be developed to encourage and promote its
application. Its use should be considered despite poor clinical
and biochemical parameters, prolonged cardiac arrest, and
delayed presentation as there is the potential for survival.
However, a risk to consider is that patients may have already
incurred significant hypoxic brain damage prior to initiation
of CPB. Urgent and safe clinical assessment of candidates for
CPB as a treatment for poisoning induced cardiotoxicity is
therefore essential.
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